Solution NMR evidence that the HIV-1 protease catalytic aspartyl groups have different ionization states in the complex formed with the asymmetric drug KNI-272.
In order to improve the design of HIV-1 protease inhibitors, it is essential to understand how they interact with active site residues, particularly the catalytic Asp25 and Asp125 residues. KNI-272 is a promising, potent HIV-1 protease inhibitor (K(i) approximately 5 pM), currently undergoing phase 1 clinical trials. Because KNI-272 is asymmetric, the complex it forms with the homodimeric HIV-1 protease also lacks symmetry, and the two protease monomers can have distinct NMR spectra. Monomer specific signal assignments were obtained for amino acid residues in the drug binding site as well as for six of the eight Asp residues in the protease/KNI-272 complex. Using these assignments, the ionization states of the Asp carboxyl groups were determined from measurements of (a) the pD dependence of the chemical shifts of the Asp carboxyl carbons and (b) the H/D isotope effect upon the Asp carboxyl carbon chemical shifts. The results of these measurements indicate that the carboxyl of Asp25 is protonated while that of Asp125 is not protonated. These findings provide not only the first experimental evidence regarding the distinct protonation states of Asp25/125 in HIV-1 protease/drug complexes, but also shed light on interactions responsible for inhibitor binding that should form the basis for improved drug designs.